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I.  AM1HACT 

Thia  papar  preaente  tha  daaign  procaaa  and  aoda 1  evaluation  of  a 
propeller  for  the  U.S.  Navy'a  raaaareh  veaaat,  T-AGOS  19,  with  a  SWATH  (Saall 
Waterplana  Area  Twin  Hull)  configuration.  Tha  daaign  procedure  ia  diacuaaad  in 
detail  including  conaidarationa  of  cavitation  and  propel ler-axcitad  vibratory 
forcaa.  The  daaign  objective  waa  to  nininiaa  the  blade  cavitation  at  varioua 
operating  conditiona.  Nodal  experiaental  raaulta  including  powering  aad 
cavitation  charactariatica  era  praaantad  which  confine  tha  validity  of 
tha  daaign  procaaa. 


2.  unraoMCTioi 


At  tha  raqueat  of  tha  U.S.  Naval  Saa  Syateas  Co—anrt  (NAVSEA),  tha  David 
W.  Taylor  Naval  Ship  taaaarch  Canter  (DTNStDC)  carried  out  a  propeller  daaign 
for  a  raaaareh  vaaaa  1 ,  T-AGOS  19,  having  a  Saal  1-Waterplane-Area-Twin-Hul 1 
(SWATH)  configuration  aa 
ahown  in  Figure  1.  Each  lower 
hull  hae  inboard  canard  and 
atabiliaar,  fore  and  aft,  rea- 
pactivaly,  acting  aa  control 
aurfacaa.  Tha  droop  aaglaa 
for  canarda  aad  atabiliaera 
are  20  degraea  aad  IS  degroea, 
reapectively,  ralativa  to  tha 
baaalina.  Tha  propel  l era  are 
protected  by  ring-ahapad  pro¬ 
pel  let  guarda,  each  with  four 
eupportiag  atruta  (aaa  Pigura 
2).  Tha  dataila  of  the  ahip 
daaign  are  praaantad  in 
Reference  1.  The  principal 
charactariatica  of  the  ahip 
are  liatad  in  Table  1.  The 
nain  objective  waa  to  daaign  a 
propel lar  with  aininun  cavita¬ 
tion  raaulting  fron  tha  pro¬ 
peller  operating  ia  the  apa- 
tially  non-uniforn  inflow 
velocity  field  ia  the  ahip'e 
wabe  at  diffarant  operating 
conditiona. 


fig  I  Skrtch  <V  SWATH  I  AtM)S  IV  l  onliywWMw 
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Tabic  1.  Principal  Characteriatica  of 
SWATH  T-AGOS  19 


Thia  paper  praaanta  the 
deaign  procedure  and  ratio- 
M^e  which  led  Co  the  final 
f ive-bladed  propeller  with 
a  10-foot  (3.0S  a)  diaae- 
ter,  and  the  reaulta  of 
powering  and  cavitation 
teata  with  the  deeign  pro¬ 
peller.  The  following  eec- 
tiona  deacribe  the  apeci- 
fied  deaign  condi tiona,  the 
pertinent  inforaation  re¬ 
quired  aa  input  to  the 
deaign  problea  auch  aa  wake 
aurvey  and  propul aion  cha¬ 
racteriatica,  the  deaign 
procedure,  perforaance  pre¬ 
diction  and  powering  and 
cavitation  teat  reaulta. 


Length  Overall  (LOA) 

71.32  a  (234  ft) 

Length  at  Waterline  (LWL) 

57.91  a  (190  ft) 

Bean  on  Deeign  Waterline 

24.38  a  (80  ft) 

Beam  (Maximum) 

28.35  a  (93  ft) 

* 

Draft 

7.54  a  (24.75  ft) 

Diaplaceaent 

3366  Metric  Tone 

• 

Wetted  Surface  Area 

2814  a2 

).  norms!  ouica  isquiumTs 

The  deaign  requireaenta  for  the  T-AGOS  19  propeller  were  provided  by 
NAVSEA:  propeller  geoaetry  ahould  be  aa  aiaple  aa  poaaible,  ainiaiae  the 
cavitation  on  the  propeller  operating  at  full  power  of  800  SHP  (397  kW)  per 
ahaft,  auatained  apeed  a  ainiaua  of  9  knota  at  80  percent  of  the  full  power, 
propeller  rotational  apeed  of  185  rpa  at  full  power  in  cala  water,  aaxiaua 
propeller  diaaeter  of  11  feet  (3.35  a)  with  1.5  feet  (0.46  a)  clearance 
between  the  propeller  tip  and  the  propeller  guard.  The  depth  of  iaaeraion  of 
the  ahaft  centerline  in  cala  water  ia  16  feet  9  inchea  (5.11  a)  with  even  keel 
condition. 

The  full-acale  propeller  aaterial  will  be  Nickel-Aluaimue-Bronce  al¬ 
loy,  Aaarican  Bureau  of  Shipping  (ABS)  Grade  4.  The  propeller  atrength 
requireaenta  will  follow  ABS  1985  Claaa  C  Ice  Strengthening  rulea. 
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4.  HAM  SOOTY  AID  PtOPULSIOH  UPBtlMUTS  USING  STOCK  FIOPKLLKIS 


The  wake  survey,  resistance  and  self-propulsion  tests  were  conducted 
in  the  DTNSRDC  towing  tank  using  Model  5445  representing  the  SWATH  T-ACOS 
19  with  scale  ratio  of  12.5.  The  nominal  wake  was  measured  at  aodel 
conditions  corresponding  to  design  draft,  sero  tria  and  aodel  speed  equiva¬ 
lent  to  10  knots  (5.14  a/s)  full-scale.  The  model  was  fully  appended  with 
canards,  stabilisers,  and  ring-shaped  propeller  guards  with  supporting 
fins.  For  the  wake  survey,  canards  and  stabilisers  were  fixed  at  sero 
degree  angle  of  attack. 

The  aeasured  values  of  the  circuaferential  variation  in  the  axial, 
tangential  and  radial  velocity  components  at  four  nondiaensional  radii  are 
shown  in  Figure  3.  Froa  these  data,  siailar  results  are  obtained  for  other 
radii  by  interpolation.  The  sign  convention  of  the  velocity  components 
are  shown  in  Figure  2. 


POSITION  ANOLE  t«Sfl  POSITION  ANOLE  !«•«> 

f-tg  1  Ciriumferential  Variation  tn  the  Axial  ranpcntial  anil  Railial  Veloi.it>  Component1. 
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Table  2.  Powering  Predictions  Based  on  Model  Propulsion  Test 
Using  Stock  Propellers 


SHIP  SPEED 
(KNOTS) 

EHP(Pg) 

dhp(pd) 

'r 

RPM 

1-t 

l-wT 

3.0 

27.1 

45. 

.975 

39.9 

.83 

.810 

4.0 

100. 

.975 

52.3 

.83 

.810 

5.0 

116.6 

190. 

.980 

65.2 

.83 

.815 

6.0 

202.5 

330. 

.980 

78.4 

.83 

.815 

7.0 

320.0 

520. 

.980 

91.2 

.83 

.815 

8.0 

480.0 

785  . 

.980 

104.6 

.83 

.815 

9.0 

700.0 

1140. 

.985 

118.4 

.83 

.815 

10.0 

955.0 

1550  . 

.985 

131  .4 

.83 

.815 

11.0 

1230.0 

2000. 

.985 

143.8 

.83 

.825 

12.0 

1580.0 

2560. 

.990 

157.1 

.83 

.835 

The  resistance  and  self-propulsion  experiments  were  performed  on  Model 
5445  using  the  stock  propellers.  The  appendage  suit  was  the  same  as  for  the 
wake  survey  except  that  '■he  angles  of  the  control  surfaces  were  adjusted  to 
the  position  which  required  minimum  delivered  power  at  full-scale  speed  of  10 
knots.  The  angle  of  attack  on  the  forward  canards  was  4  degrees  trai 1 ing-edge 
down,  and  for  the  aft  stabilizers  it  was  6  degrees  t r a i 1 ing-edge  up.  The 
powering  predictions  made  by  the  standard  DTNSRDC  prediction  method  [2)  are 
presented  in  Table  2. 

5.  PROPELLER  DESIGN 

5.1  Design  Condition  and  Procedure 

The  propeller  was  designed  to  absorb  800  horsepower  per  shaft  at  185  rpm 
based  on  the  results  of  wake  survey,  and  resistance  and  propulsion  tests  with 
stock  prope 1 lers. 

The  propeller  was  designed  in  five  phases; 

(a)  Preliminary  Design:  Estimates  are  made  for  number  of  blades,  diame¬ 
ter,  blade  area  ratio  and  blade  outline  at  design  condition  such  that  the 
propeller  is  compatible  with  the  ship  and  the  propulsion  machinery  from  the 
standpoint  of  efficiency  and  vibration. 

(by  Lifting-Line  Design:  The  radial  load  and  the  corresponding  hydrody¬ 
namic  pitch  distributions  are  computed  using  Lerbs  [3]  induction  factor 
method . 

(c)  Propeller  Global  Geometry:  The  initial  blade  chord  length  and  the 
thickness  distribution  are  refined  by  considering  various  hydrodynamic  as  well 
as  structural  aspects  such  as  cavitation,  erosion  and  thrust  breakdown,  and 
blade  strength.  Lifting-line  calculations  are  repeated  for  different  geomet¬ 
ries  as  the  geometry  is  refined. 

(d)  Lifting-Surface  Design:  The  final  pitch  and  camber  distributions 
are  determined  by  lifting-surface  calculations. 

(e)  Design  Check:  In  this  phase  the  unsteady  forces  and  moments  are 
calculated  and  compared  with  the  design  requirements.  If  the  predicted  values 
do  not  meet  the  design  requirement,  the  skew  distribution  is  modified.  Since 
the  skew  distribution  will  affect  the  resulting  pitch  and  camber  distribution, 
the  lifting-surface  calculations  must  be  repeated  for  a  new  skew  distribution. 
The  design  propeller  is  reviewed  to  check  the  off-design  performance  and  to 
summarize  the  final  design  predictions  in  terms  of  required  speed  margins  and 
other  specified  constraints. 

These  phases  are  specified  as  a  guide  to  the  major  steps  in  the  design 
procedure.  However,  most  of  these  steps  are  closely  interrelated,  and  itera¬ 
tions  between  the  steps  are  necessary. 


5.2  Estimation  of  Full-Scale  Wake 

One  of  the  essential  pieces 
of  information  for  propeller  design 
is  the  ship's  wake  in  which  the 
propeller  will  be  operating.  Two 
aspects  must  be  considered  for 
ship's  wake;  the  effect  of  Reynolds 
number  for  full-scale  ship  and  the 
effect  of  propeller  action. 

The  effect  of  different 
Reynolds  numbers,  or  scale  effects, 
are  important  for  ships  such  as 
commercial  ships,  SWATHs  and  naval 
auxiliaries  where  the  propeller 
operates  in  the  boundary  layer  of 
the  ship's  hull.  There  is  no  re¬ 
liable  universal  method  that  is 
applicable  to  surface  ship  wake 
scaling.  Simple  methods  including 
the  one  proposed  by  Sasajima  and 
Tanaka  [4)  are  available,  but  none 
of  them  fully  represents  the  com¬ 
plicated  flow  behind  the  ship. 


NONOlMENSIONAL  RADUS  It/RI 

Fig.  4.  Comparison  of  Measured  Model  Nominal  Wake  and 
Predicted  Full-Scale  Nominal  Wake. 


In  the  present  design,  the  full-scale  nominal  wake  was  approximated  by 
adding  to  the  measured  SWATH  model  nominal  wake  the  difference  between  the 
computed  model-  and  full-scale  wake  for  the  equivalent  axisymmetric  unap¬ 
pended  hull.  The  nominal  wake  of  a  body  of  revolution  was  calculated  based  on 
the  potential  flow/boundary  layer  interaction  theory  developed  by  Huang,  et  al 
[5],  The  submerged  lower  hull  of  T-AGOS  19  excluding  the  strut  was  approxi¬ 
mated  by  an  unappended  body  of  revolution  having  the  same  length  and  displa¬ 
cement  as  the  T-AGOS  19  hull  excluding  the  strut.  Figure  4  shows  the  compa¬ 
rison  of  the  circumferential  average  of  the  measured  model  nominal  wake  and 
computed  full-scale  nominal  wake. 

When  a  propeller  operates  behind  a  ship,  the  inflow  to  the  propeller  is 
changed  due  to  the  action  of  the  propeller.  The  propeller  accelerates  the 
flow  over  the  stern,  thus  resulting  in  a  decrease  in  the  pressure  on  the  hull 
and  changes  the  boundary  layer  characteristics.  This  inflow  to  the  propeller 
when  the  propeller  is  operating  is  called  effective  wake. 


Although  one  can  use  Huang's  method  to  calculate  the  effective  wake,  an 
average  correction  method  was  used  in  the  present  design.  This  method  has 
proven  reasonably  successful  in  the  past  at  DTNSRDC  for  obtaining  the  desired 
ship  speed  and  shaft  rpm  at  design  power.  This  method  uses  the  ratio  of  the 
effective  wake,  1-w^.,  based  on  the  thrust  identity  from  the  propulsion  experi¬ 
ment  using  a  stock  propeller,  and  the  volumetric  mean  wake,  l-wv,  from  the 
wake  survey,  i.e,: 


(Vx/V) 


Corrected 


<VX/V) 


Nominal 


x 


(  1  -  W-j.  ) 

(1  -  wv) 


(1  ) 


where  V%/V  is  the  nond imens iona 1  circumferential  mean,  axial  velocity  compo¬ 
nent  from  the  wake  survey. 


To  account  for  scale  effects,  the  effective  wake  of  the  f u I  l-scale  ship 
was  empirically  estimated  by  increasing  the  model  effective  wake  by  6  per¬ 
cent.  The  radial  distribution  of  the  full-scale  effective  wake  was  also 
estimated  by  using  Equation  (1).  For  final  propel  ler  design,  the  corrected 
full-scale  wake  distribution  was  used. 
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5.3  Diaaeter  Optimization 


The  propeller  diaaeter  wee  de¬ 
termined  by  conaidering  the  propul- 
aive  efficiency  at  full  power  and  low 
apeeda  with  different  propeller 
loadinga  and  the  auatained  apeed 
requireaent.  The  propuleive  effi¬ 
ciency  waa  calculated  by  a  lifting¬ 
line  procedure  for  theae  conditiona. 

For  each  operating  condition,  the 
propeller  diaaeter  waa  varied  from  8 
to  11  feet.  In  theae  calculationa 
the  radial  load  diatribution  waa 
aaauaed  to  be  Lerba  optimum  for  all 
conditiona . 

Aa  shown  in  Figure  5,  the  opti¬ 
mum  diaaeter  for  the  full  power  con¬ 
dition  ia  about  9  feet.  Although  not 
ahown  in  thia  figure,  the  optiaum 
diaaeter  increases  with  increaaing 
loading  at  low  speed.  Therefore, 
considering  the  low  apeed  conditions 
the  diaaeter  was  taken  aa  aaxiaua 

allowable  which  satisfies  the  auatained  speed  requireaent.  With  a  5  percent 
apeed  aargin  added  to  the  minimum  required  sustained  speed  of  9.0  knots,  the 
effective  power  is  800  horsepower  and  the  required  propulsive  efficiency  is 
0.625.  From  Figure  5,  the  maximum  diaaeter  which  satiafies  the  propulsive 
efficiency  of  0.625  at  the  sustained  apeed  of  9.45  knots  ia  10  feet.  In  the 
following  analysis,  the  propeller  diameter  waa  set  to  10  feet. 


Rg.  5.  Propulsive  Efficiency  at  Different  Operating 
Conditions  for  Different  Diameter. 


5.4  Circulation  Distribution 


Three  circulation  distribu¬ 
tions  were  investigated  as  shown 
in  Figure  6.  The  corresponding  ? 

hydrodynamic  pitch  angle,  tan  0 

are  also  shown  in  Figure  6.  The  * 

Lerbs  optimum  circulation  distri-  ; 

bution,  designated  GQ,  and  the  = 

mathemat ica 1 1 y  unloaded  root  and  c 

tip  circulations  were  investi¬ 
gated  to  serve  as  a  guide  to 
select  the  degree  of  tip  un¬ 
loading.  Lerbs  optimum  is  an 
estimate  of  the  circulation  dis¬ 
tribution  which  will  produce  the 
highest  efficiency  for  a  wake- 
adapted  propeller. 

Table  3  shows  the  speed 
predicted  by  the  lifting-line  i 

program  at  full  power  for  the 
three  circulation  distributions 
for  the  same  diameter  of  10  feet 
and  the  expanded  area  ratio  (EAR) 
of  0.4.  Load  diatribution  Gj  was 
selected  as  final  which  repre¬ 
sents  a  calculated  sacrifice  in 
ship  apeed  at  full  power  of  0.02 
knots  as  compared  to  the  Lerbs 
optimum  propeller. 


VOWMINSfO*iAL  RACWUS  if  Ri 


Fig.  6.  Circulation  and  tanf)j  Distributions. 


S.S  Thickness  and  Chord 

Table  3. 

Effect  of  Radial  Circulation 

Length  Distribution 

Distribution  on  Propeller  Performance 

The  thickness  and 
chord  length  distributions 

TYPE  OF 

SHIP  SPEED  (KNOTS) 

PROPULSIVE 

should  be  carefully 
selected  to  provide  ade- 

CIRCULATION 

RPM  -  185 

EFFICIENCY 

Go  (OPTIMUM) 

10.17 

0.624 

quate  blade  strength  and 

simultaneously  minimise 
the  tendency  towards 

G1 

10.13 

0.615 

cavitation  erosion.  In 
addition,  the  propeller 
efficiency  must  not  be 
materially  sacrificed. 

G2  (FINAL) 

10.15 

0.619 

In  order  to  (elect  a  blade  shape  for  beat  cavitation  characteristics,  use 
was  Bade  of  theoretically  predicted  cavitation  inception  data  for  two-dimen¬ 
sional  sections  1 6 j .  For  a  given  blade  shape,  i.e.,  c/D  and  consequently  t/c, 
the  cavitation  characteristics  were  evaluated  by  calculating  the  angle  of 
attack  variation  with  cavitation  number,  and  comparing  it  with  the  minimum 
pressure  envelopes,  which  are  commonly  called  "cavitation  buckets". 

The  minimum  thickness  was  determined  first  according  to  the  1985  ABS 
Class  C,  Ice  Strengthening  Rule  (7],  The  initial  shape  of  the  chord  length 
distribution  was  taken  from  the  existing  DTNSRDC  Propeller  4381  [6],  The 
radial  diatributi  ons  of  c/D  and  t/c  have  been  varied  until  the  prediction 
ensured  no  leading  edge  and  back  bubble  cavitations  at  the  design  condition. 
The  final  thickness  and  chord  length  distributions  thus  obtained  are  shown  in 
Figures  7  and  8,  respectively.  The  resulting  expanded  area  ratio  was  0.484. 


5.6  Lifting-Line  Design 

Since  we  have  sufficient  information  on  geometry,  ship  wake  and  powering 
characteristics,  a  more  elaborate  design  can  be  made  using  lifting-line  model 
to  predict  the  ship  speed,  effective  power,  blade  lift  coefficients  at  design 
condition,  and  other  information  necessary  for  lifting-surface  design.  In  the 
lifting-line  calculations,  viscous  effects  are  included  by  specifying  the 
sectional  drag  coefficient,  Cp.  In  the  present  design,  full-scale  section 


Fig,  7.  Radial  Distribution  of  Thickness. 


Fig.  8  Radial  Distribution  of  Chord  Length 
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drag  coefficient*  were  used 
based  on  the  experimental 
and  empirical  data  in  Re¬ 
ference  9.  The  Cp  value  at 
0.7  radius  was  0.0066.  The 
predicted  ship  speed  at  the 
full  power  design  condition 
is  10.24  knots  and  che 
thrust  coefficient,  K,.,  is 
0.103.  1 

S.7  Lifting-Surface  Design 

The  final  pitch  and 
camber  distributions  cor¬ 
responding  to  the  selected 
radial  load  distribution 
and  other  geometry  from 
lifting-line  computations 
were  determined  from 
lifting-surface  computa¬ 
tions  using  the  computer 
code,  PBD-10,  developed  by 
Greeley  and  Kerwin  [10]. 

The  section  thickness  shape 
was  selected  as  NACA  66 
with  NSRDC  modified  nose 
and  tail  [6]  and  camber  as 
NACA  am0.8  meanline. 

Figures  9  and  10  show 
the  final  pitch  and  camber 
distributions  determined 
from  lifting-surface  code 
together  with  the  values 
computed  from  lifting-line 
code.  Table  4  presents  a 
summary  of  the  design  pro¬ 
peller  geometry.  Figure  11 
shows  the  blade  outline  of 
the  design  propeller. 

6.  PERFORMANCE  PREDICTION 

6.1  Prediction  of  Delivered  Power  and  RPM 

In  order  to  predict  the  delivered  power  and  propeller  rpm,  open-water 
performance  is  necessary.  The  open-water  performance  of  the  design  propeller 
was  predicted  by  using  1  i f t i ng- s u r f ac e  computer  code,  PSF-2,  developed  by 
Greeley  and  Kerwin  [10], 

Once  the  design  propeller  open-water  performance  and  the  stock  propeller 
powering  characteristics  are  known,  the  propeller  rotational  speed  and  the 
delivered  power  can  be  estimated  assuming  that  the  prope 1 1 er /hu  1  1  interaction 
coefficients,  ( 1  —  t )  and  (1-w^),  and  the  relative  rotative  efficiency,  r>  ,  are 
same  for  both  the  stock  and  the  design  propellers. 

Then,  the  shaft  power  can  be  obtained  from  the  effective  power  and  the 
propulsive  efficiency.  For  a  given  ship  speed,  the  advance  coefficient  was 
obtained  from  the  intersection  of  Kj/J^  curve  and  the  propeller  open-water 
curve;  K-j.  versus  J.  From  this  advance  coefficient,  the  propeller  rotational 
speed  was  computed. 


At  full  power,  the  predicted 
•hip  speed  was  10.45  knots  end  the 
propel  ler  rpa  was  186.2.  The  dis¬ 
crepancy  asy  be  caused  by  inaccura¬ 
cy  in  the  predicted  open-water 
perforaance. 


6.2  Unsteady  Bearing  Forces  and 

Moment* 

The  unsteady  bearing  forces 
and  aoaents  are  calculated  by  using 
a  lifting-surface  code,  PUF-2,  de¬ 
veloped  by  Kerwin  and  Lee  (111. 
The  predicted  fundamental  blade- 
frequency  (5th  haraonic)  thrust  and 
torque  values  were  5.74Z  and  4.33Z 
of  the  design  thrust  (Kj"0.103i) 
and  torque  (Kq-0.012)  values,  res¬ 
pectively.  Since  the  basic  design 
criterion  was  to  produce  a  siuplest 
possible  blade  geometry,  no  attempt 
has  been  made  to  incorporate  skew 
in  order  to  reduce  the  calculated 
unsteady  forces  and  moments. 


7.  EXPERIMENTAL  RESULTS  AND 
ADJUSTMENT  OF  BLADE  PITCH 

7.1  Open-Water  and  Powering 
Experiments 

Three  aluminum  model  propel¬ 
lers;  one  with  a  diameter  of  12 
inches  for  cavitation  tests,  and 
two  with  a  diameter  of  9.6  inches 
for  powering  tests,  were  manufac¬ 
tured  by  Maritime  Research  &  Con¬ 
sulting  (SSPA)  in  Sweden.  The 
open-water  and  powering 
tions  of 

design  propellers 


Table  4.  Geometric  Characteristics  of 
Design  Propeller  of 
SWATH  T-AGOS  19 


Diameter 

3.05  m  (10  ft) 

Number  of  Blades 

5 

Rotational  Direction 

Outward 

Expanded  Area  Ratio 

0.4276 

P/D  at  0 . 7R 

0.6471 

Section  Meanline 

NACA  a-0.8 

Section  Thickness 

NACA  66  (Mod.) 

Design  Advance  Coeff. 

JA  -  0.484 

Design  Thrust  Coeff. 

It-  -  0.103 

Thrust  Loading  Coeff. 

CT  -  0.835 

pig  II  Blade  Outline  of  Design  Propeller. 


The  predic- 
tests  with  the 


experiments  were  carried  out  at  DTNSRDC. 
full-scale  powering  performance  based  on  the  model 
are  summarised  in  Table  5. 


The  predicted  full-scale  rpm  was  about  5  rpm  lower  than  the  design  rpm  of 
185.  The  major  cause  of  this  low  rpm  is  presumably  due  to  the  large  dif¬ 
ference  in  Taylor  wake  fraction  (l-wT)  between  stock  propeller  test  (0.864 
for  full-scale  wake),  which  was  used  for  the  design,  and  the  wake  fraction 
obtaianed  from  the  test  with  the  design  propeller  (0.755  for  full-scale 
wake).  The  effective  wake,  1-w^,  from  stock  propeller  test  is  about  15Z 
higher  than  the  value  from  design  propeller  test.  As  a  result  the  design 
propeller  is  overpitched  and  turns  at  a  slower  speed  than  the  design  rpm. 
Since  5  rpm  was  out  of  acceptable  range,  it  was  decided  to  modify  the  propel¬ 
ler  geometry. 


7.2  Adjustment  of  Blade  Pitch 

A  simple  way  of  correcting  the  low  rpm  is  to  reduce  the  pitch  by  rotating 
the  blades  about  the  blade  reference  line  so  that  the  new  rpm  will  match  the 
design  rpm.  In  order  to  determine  a  new  pitch  distribution  which  will  produce 
185  rpm  at  full  power,  three  rotational  angles;  1.0,  0.5  and  0.6  degrees  in 
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order,  were  tested.  The  Table  5.  Predicted  Full-Scale  Speed  and  RPM 
new  pitch  wai  obtained  by  at  Full  Power  Baaed  on  Model  Teata 

reducing  pitch  by  the  same  Using  Deaign  Propeller 

pitch  angle  at  all  radii. 

For  each  new  pitch,  the  - 

open-water  performance  was  Full  Power  With  Still  Without  Still 

calculated  by  PSF-2.  1600  HP  Air  Drag  Air  Drag 

The  rpm's  for  the  re-  V  (Knots)  10.49  10.56 

pitched  propellers  were  RPM  180.0  179.9 

calculated  based  on  the  l-wT  0.755  0.755 

predicted  open-water  per-  1-t  0.820  0.820 

formance  of  the  repitched  - 

propellers  and  the  powering 
teat  results  for  the  origi¬ 
nal  propeller,  with  the  Table  6.  Predicted  RPM  for  Original  Design  and 
assumption  that  the  propel-  Repitched  Propellers  at  Full  Power 

ler/hull  interaction  coef¬ 
ficients  were  same  for  both  - 

the  original  and  the  re-  PROPELLER  RPM 

pitched  propellers.  Table  - 

6  shows  the  predicted  rpm  Original  Propeller  181.3 

of  the  repitched  propel¬ 
lers.  For  the  same  predic-  Repitched  Propeller  (1.0  degree)  190.5 

tion  conditions,  the  dif¬ 
ference  in  predicted  rpm  Repitched  Propeller  (0.5  degree)  185.2 

between  the  original  pro¬ 
peller  and  the  propeller  Repitched  Propeller  (0.6  degree)  186.3 

repitchhd  by  0.6  degrees  is  - - - 

5.0. 


Based  on  this  paramet¬ 
ric  study,  the  pitch  of 
the  original  propeller  was 
reduced  at  SSPA  by  rotating 
the  blades  about  the  blade 
reference  line  by  0.6  deg¬ 
rees.  Figure  12  and  13 
show  the  comparison  of  the 
pitch  distributions  and  the 
experimental  open-water 
performance  of  the  original 
and  the  repitched  propel¬ 
lers,  respectively. 

A  new  power  and  rpm 
prediction  was  made  for  the 
repitched  propeller  utili¬ 
zing  the  open-water  test 
results,  and  assuming  the 
propeller-hull  interaction 
coefficients  and  the  pro¬ 
pulsive  coefficients  were 
the  same  as  for  the  origi¬ 
nal  propeller. 


Fig  12  Comparison  ol  the  Original  and  Final  Pilch  Distribution 


Figure  14  shows  the  comparison  of  the  predicted  full-scale  power  and  rpm 
for  the  original  and  the  repitched  propellers.  At  full  power,  the  full-scale 
rpm  and  the  ship  speed  for  the  repitched  propeller  were  predicted  to  be  184.8 
and  10.4  knots,  respectively.  Based  on  this  prediction,  NAVSEA  decided  to 
accept  the  repitched  propeller  as  the  final  propeller  for  SWATH  T-AGOS  19.  No 
propulsion  tests  were  carried  out  using  the  repitched  propeller. 


7.3  Cavitation  Teata  •> 

Wake  survey  and 
cavitation  teata  were  -  " 

SSPA'a  large  cavitation  5  (( 

tunnel  (croia  aection  f 

2.6a  x  1.15a)  with  a  a 

coaplete  atarboard  *  •« 

deaihul  1  aounted  in  the  { 

teat  aection  on  the  I 

deaign  waterline  [121.  9  " 

The  deaihul  1  aodel  waa  I 

equipped  with  the  j:  ,, 

canard,  atabiliaer,  and  | 

the  propeller  protec-  * 

cion  ring  with  ita  four  •  > 

aupport  guarda. 

..  as 

Wake  aeaaureaenta 

were  performed  using  5- 
hole  pitot  tubea  with 
the  optiaua  angle  of 

attack  for  the  control 
surfaces;  i.e.,  4  deg- 
reea  trait ing-edge  down 
for  the  canard  and  6  degreea 

trai l ing-edge  up  for  the  atabi¬ 
liaer.  The  axial  velocity  coa- 
ponent  at  0.98  radiua  acaaured 
at  DTHSRDC  and  SSPA  are  compared 
in  Figure  15.  The  wake  peak  due 
to  the  atrut  near  0  degreea, 
which  controla  the  blade  cavita¬ 
tion,  ahowa  good  agreement. 
Large  diacrepanciea  are  ahown  at 
the  blade  poaition  angle  of  240 
degreea.  The  aajor  aource  of 
thia  diacrepancy  sight  be  the 
difference  in  control  aurface 
angle  of  attack. 


•cmuici  coamcwMi  ui 


Fig  I  '  Companion  of  Kiprrimenlal  Open  Water  Performaiwev  between 
and  Repuched  Propeller. 


<  Higinal 
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Cavitation  inception  and 
obaervation  teata  were  performed 
with  the  optiaua  angle  of  attack 
of  the  control  aurfacea  at  the 
original  pitch  of 
(P/D)q  jr”0.6722  and  at  the 
final  pitch  of  (P/D)q  7r*0.6471. 
For  the  original  pitch,  teata 
were  perforaed  for  both  aodel 
and  full-acale  wakea.  For  the 
repitched  propeller,  teata  were 
perforaed  only  for  aodel  wake. 


>«»i  i  a  t  s  n  u 
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Figure  16  ahowa  the  polar  diagraa  of  the  aaxiaua  radial  cavitation  eaten- 
aion  at  full  power  for  aodel  wake,  and  photographa  reproduced  froa  the  video 
tapes  recorded  during  the  teata.  The  white  apota  near  the  leading  edge 
between  the  0.85  and  0.9  radiua  indicate  the  leading-edge  sheet  cavitation  on 
the  auction  aides.  The  repitched  propeller  showed  slightly  isproved  cavita¬ 
tion  perforaance.  The  cavitation  erosion  teat  results  showed  no  erosion 
tendency. 


a.  aiacaaaioa 

Propeller  deaign  require*  coapltk  tradt-offa  to  satisfy  various  deaign 
rsquirsaent a.  Aa  demonstrated  in  the  preeant  design,  nan  if  the  deaign  haa 
bean  carefully  developed,  utilising  etate-of-ihe-art  design  tool*,  there  ia  no 
guarantee  that  the  propeller  will  parfora  aa  deaigned. 

The  reaulta  of  the  propulaion  eaperimenta  with  the  deaign  propel  lera 
ahowed  that  the  propel  lera  did  not  aeet  the  required  r  pa  at  fu'  1  power.  An 
eaaamation  of  the  propel  ltr-hul  1  interaction  coefficienta  ahowed  that  the 
Taylor  wahe  fraction,  1-w.j,  had  changed  aubat ant i a  1 1 y  between  the  stock  and 
deaign  propel  lera.  If  it  had  not  changed,  the  rpa  ahould  have  bean  cloaa  to 
the  deaign  r par 

Aa  indicated  by  the  very  low  rpa  f roa  the  powering  teata  I aee  Table  2) 
uaiag  atock  propel  lera,  the  pitch  of  the  atock  propeller  waa  aubatanl  tal  1  y 
higher  than  the  deaign  propel  ler,  aa  waa  the  wake  fraction.  Ideal  ly,  the 
geometry  of  the  atock  propeller  ahould  be  aa  .  1 use  aa  poaaible  to  the  final 
propeller  geoaetry. 

In  general,  the  node  1  wake  haa  been  uaed  m  aurface-ahip  propeller  de¬ 
aign,  aaauaing  that  acala  effecta  are  negligible.  In  the  preaent  deaign,  the 
eat leated  full-acale  wake  waa  uaed,  which  waa  obtained  by  mcreaaiag  the 
•ode  l  value  by  6  percent.  The  perforaance  of  the  full-acale  propeller  at  aea 
ia  very  auch  dependent  upon  how  well  the  ful 1 -i.alr  wake  waa  predicted. 

The  authora  are  grateful  tu  the  Propul  tot  Deaign  Review  Comttee  of  Coda 
li*A,  DTNSkOc,  F.  Peteraon,  l  Caster  and  S.  Joiup,  for  their  diacuaaiona  and 
critique  of  the  deaign,  and  tu  Dr  0  Rutgersaon  ot  SSPA  tor  providing  thaa 
with  the  photoa  shown  in  Figure  >b. 
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